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Introdudion
American Indians experience mor-

bidity and mortality from injury at a rate
exceeding that for any other race in the
United States' and specifically in the state
of Oregon.2 It is possible that even the
reported rates are underestimates of the
true burden of injuries among American
Indians because of racial misclassification
in vital records and morbidity registries.
For example, more than one third of the
infants in the United States whose birth
certificates are coded as American Indian
and who die within the first year of life are
classified as members of other races on
their death certificates, resulting in facti-
tiously low American Indian infant mor-
tality rates.3 Significant rates of racial mis-
classification of American Indians have
been described in a tumor registry in
Washington4; in end-stage renal disease
data sets in Washington, Oregon, and Ida-
ho5; and on death certificates of American
Indians who received services at an urban
Indian health clinic in Seattle.6 However,
to our knowledge, the extent to which
American Indian injury rates are underes-
timated owing to racial misclassification is
unknown.

To examine this question, we con-
ducted a study that linked the Oregon In-
jury Registrywith a patient registration file
of American Indian Oregon residents reg-
istered with the Indian Health Service
(IHS). In addition, we examined selected
risk factors that might be associated with
the likelihood of discordant racial classi-
fication between the two data sets.

Methods

The Oregon Injury Registry is a pop-
ulation-based surveillance system for in-

juries resulting either in death or in hos-
pital admission for at least 1 calendar day.7
Surveillance of acute care hospitals is ac-
complished by standard, computerized re-
ports provided voluntarily by hospitals on
floppy disks to the Oregon Health Divi-
sion. Information on fatal injuries is col-
lected from the hospitals for each such
patient who died in the hospital, and from
death certificates supplemented by infor-
mation in the state medical examiner's
records. We examined data reported to
the Oregon registry in 1989 and 1990. The
1989 surveillance included all deaths and
50% of the state's 67 acute care hospitals,
which account for 63% of the state's acute
care beds. In 1990, the system included
surveillance of all fatalities and of 60% of
the state's acute care hospitals, account-
ing for 68% of Oregon's acute care beds.
For hospitalizations, race is reported to
the registry by responding hospitals based
on routine ascertainment according to
each hospital's policy, which may include
either patient self-report or observation by
hospital staff.

The IHS provides health services
without charge to members and descen-
dants of members of federally recognized
American Indian and Alaska Native
tribes. (In this report,we designate Alaska
Natives as American Indians because the
two are not separately classified in the Or-
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egon Injury Registry.) The Portland Area
IHS maintains a computer file of Oregon
residents who have registered for services
with it. Applicants provide documenta-
tion of tribal membership or American In-
dian heritage to establish their eligibility
for services. The file includes information
on American Indian blood quantum. For
example, if one parent is full-heritage
American Indian and the other is non-
American Indian, blood quantum is 50%;
blood quantum is 100% if all ancestors are
full-heritage American Indian. Although
many American Indian tribes require a
minimum blood quantum (often 25%) for
membership, others grant membership on
the basis of descent from a tribal member
without regard to proportion of American
Indian heritage.8

The two data sets were linked by
computer algorithm. First, a personal
identification code was constructed for
each record in both files using the first four
letters ofthe last name, the first initial, and
the date of birth. Records with identical
personal identification codes in both files

were then examined individually to deter-
mine if the names were the same. A sec-
ond linkage was conducted using Social
Security numbers. After the Social Secu-
rity linkage, the records were individually
reviewed and those with identical names
and Social Security numbers were consid-
ered to be matches even if dates of birth
were not identical.

To examine how inconsistent racial
classification between the two data sets
affected estimated injury rates among
American Indians, we calculated age-ad-
justed rates of injury using three methods.
Rates uncorrected for racial misclassifica-
tion were calculated using the number of
individuals who were originally coded as
American Indian in the Oregon registry
(numerator) and estimates of the number
ofAmerican Indians living in Oregon from
the 1990 census (denominator). Second,
we calculated rates using the same denom-
inator but adding to the numerator injured
persons who were recorded as being
American Indian in the IHS patient regis-
tration file but who were coded as mem-
bers of another race in the Oregon regis-
try. This rate still underestimates the
incidence of injuries reported to the reg-
istry among American Indians because
the number of American Indians in the
IHS file (n = 19 694) is approximately
51% of the number of Oregon residents
who designated themselves to be Ameri-
can Indian (n = 38 496) in the 1990 cen-
sus. To calculate a rate for which the
numerator and denominator were compa-
rable, we used American Indian persons
in the Oregon registry who were included
on the IHS file in the numerator, and per-
sons designated as American Indian on
the IHS file in the denominator. All age-
adjusted rates use the 1980 US population
as the reference.

Unconditional logistic regression
was used to examine the effect of sex, age,
American Indian blood quantum, and
county of residence (metropolitan versus
nonmetropolitan) on concordance of ra-
cial coding between the registry and IHS
data sets.9 The Mantel Extension Test
was used to determine association be-
tween injury rates and blood quantum.10
These analyses were stratified by age. For
these calculations, we used only persons
included in the IHS patient file for whom
blood quantum was listed.

Resuls
In 1989 and 1990, 301 entries (hospital

admissions or fatalities) in the Oregon In-
jury Registry were coded as American In-
dian. Of these, 133 (44.2%) were not
matched to the IHS patient registration
file. An additional 89 persons who were
coded as a race other than American In-
dian on the registry were linked to the IHS
file. Two cases coded as American Indian
in the registry were listed as non-Ameri-
can Indian in the IHS file. Thus, the num-
ber of cases in the registry that were iden-
tified as American Indian in at least one of
the data sets increased by 29.6% (n = 390)
after the data linkage. Injury rates among
American Indians before and after the
data linkage are shown in Table 1. Only
166 (65.1%) of the 255 American Indians
on the IHS file identified after the linkage
were originally coded as American Indian
on the registry. The age-adjusted injury
rates for American Indians using only per-
sons who were included in the IHS file in
the numerator and denominator was 6.9/
1000 persons, 68% higher than the rate
calculated based on registry data alone.

Afterwe deleted persons with repeat
admissions and those for whom blood
quantum was unknown or unspecified on
the IHS file, there were 178 IHS-
registered American Indians on the Ore-
gon registry. The proportion of IHS-
registered American Indians who were
coded in as American Indian in the Ore-
gon registry increased consistently with
increasing blood quantum (Table 2).

The results of the logistic regression
are shown in Table 3. Blood quantum re-
mained strongly associated with concor-
dant classification on both data sets;
American Indians with 100% blood quan-
tumwere far more likely to be classified as
American Indian on the Oregon registry
than those with less than 25% blood quan-
tum (odds ratio [OR] = 145.4; 95% confi-
dence interval [CI] = 17.3, 1226). In ad-
dition, concordant classification was more
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likely among females (OR = 2.9; 95%
CI = 1.4,6.0) and amongpersonsresiding
in nonmetropolitan counties (OR = 2.4;
95% CI = 1.1, 5.6).

ForAmerican Indians on the IHS pa-
tient registration file, the likelihood of be-
ing injured and appearing on the Oregon
registry increased with increasing blood
quantum. There was a signifcant dose-
response relationship between crude in-
jury rates and increasing blood quantum;
the odds ratio among those with 100%o
blood quantum compared with those with
less than 25% blood quantum was 4.5
(Mantel Extension Test x2 = 57.4,
P < .00001). Among persons with 100%o
blood quantum, the annual aged-adjusted
rate was 14.4/1000 persons, compared
with 6.5/1000 persons among those with
50% to 99% blood quantum, 3.8/1000
among thosewith 25% to49% blood quan-
tum, and 3.0/1000 amongpersonswith less
than 25% blood quantum.

Diwusion
Injuries are a leading cause of mor-

bidity and mortality among American In-
dians in Oregon.2ll Because the annual
age-adjusted injury rate among IHS-
registered American Indians (6.9/1000
persons)was 68% higher than the rate that
would normally be calculated with Ore-
gon Injury Registry data, injury rates
among American Indians in Oregon may
be substantially underestimated by relying
on race as reported as reported to the
statewide injury surveillance system.

It is not possible to determine from
our data whether the source of inconsis-
tent coding between the two data sets is
related to differential racial self-identifica-
tion by persons at different points in time
or to discrepancies between patient self-
identification and racial designationby ob-
servers in the health care system. From a
program-planning and resource allocation
standpoint, the inconsistencies in racial
misclassification between the registry and
IHS records are potentially important be-
cause allocation of federal resources
sometimes depends on assessments of
morbidity and mortality from vital records
and disease registries. Ifmorbidity rates of
eligible IHS beneficiaries are not accu-
rately reflected in disease or injury regis-
tries because cases are racially misclassi-
fied, inappropriate decisions regarding the
allocation of resources or the monitoring
of intervention programs may occur.

A potentially important incidental
finding of the study is the "dose-re-
sponse" relationship between American

Indian blood quantum and the likelihood
of injury as reported to the Oregon regis-
try. Although higher American Indian
blood quantum has been associated with
increased rates of diseases such as non-
insulin-dependent diabetes mellitus in
several tribes,12,13 we are unaware of pre-
vious demonstrations ofAmerican Indian
blood quantum being associated with in-
jury risk. Future studies of injury among
American Indians should attempt to eval-
uate whether blood quantum is associated
with specific characteristics, such as so-
cioeconomic status, rural residence, or
exposure to hazards in the environment,
that are known to be associated with in-
jury risk.

There are several limitations to these
data. First, because almost halfof the self-
identified American Indians in Oregon in
the 1990 census were not registered with
the IHS andwere therefore not included in
the record linkage, this study probably un-
derestimated the extent of racial misclas-
sification of American Indians in the Or-
egon registry. Howthese individuals differ
from registered individuals and their ac-
tual rates ofinjury is unknown. In a recent
study of racial misclassification of Amer-
ican Indians on death certificates in Wash-
ington State, misclassification among
American Indian clients of a non-IHS
clinic for American Indians was substan-
tially greater than that among persons reg-
istered for IHS services.6 Second, Amer-
ican Indians represent only 1.4% of the
Oregon population, and rates ofracial mis-
classification on diseased registries may

be less in states with a greater proportion
of American Indian residents. Third, it is
possible that some persons who identified
themselves as American Indian to register
for the IHS identified themselves as mem-
bers of a race other than American Indian
in the census. If this were the case, rates
describing American Indians that use cen-
sus data in the denominator would be in-
appropriately increased. Although we
have used the term misclassification to re-
fer to cases in which racial classification
was inconsistent in the two data sets, there
is no widely accepted, scientifically valid
definition that can be used as a "true"
standard by which to classify race conclu-
sively as American Indian. Fourth, be-
cause the Oregon registry did not include
universal coverage of all hospitals in Or-
egon during the study period, rates calcu-
lated using the registry are underestimates
of the actual rate of injury. Finally, it is
possible that some non-American Indians
were coded as American Indian on the
registry. Although a study of end-stage re-
nal disease data maintained by the Health
Care Financing Administration found that
a number of persons with names highly
suggestive of Asian or Pacific Islands or-
igin were classified as American Indian,14
similar problems were not identified in a
recent study of an end-stage renal disease
set for Oregon.5

This study highlights the need for
special attention to surveillance systems
including information that can be used to
assess the health status of American Indi-
ans. Failure to account for potential racial
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misclassification may result in inappropri-
ately low estimates of morbidity and mor-
tality among American Indians. Although
the IHS patient registration files include
only about half the persons identifying
themselves as American Indian in the
United States, linkage ofdisease registries
andvital recordswith IHS records in other
states may improve health-related data re-
garding American Indians. E
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